Rare disease Background:
Background
Neuroendocrine tumors were first described by Langhans in 1867 [1] . The term carcinoid (Karzinoide) was coined by German pathologist Oberndorfer in 1907. Cope in 1930 described the first case of metastatic carcinoid tumor metastasized from small bowel [2] . In 1954, Simon et al. reported the first case of primary testicular carcinoid [3] . Primary testicular tumors are rare, constituting 0.23% of all testicular tumors. Testicular carcinoid tumors (TCT) have a mean age at presentation of 46 years (10-83 years) [4] . Although since 1930 more than 60 cases of testicular carcinoid have been reported, it still remains a very rare diagnosis. In this report we describe a primary testicular carcinoid tumor of the testis and an present an extensive literature review to cover all the aspects of carcinoid tumor including the definition, classification, origin, presentation, diagnostic evaluation, management, prognosis, and follow-up.
Case Report
A 34-year-old man with no past medical history presented with right scrotal swelling for one year, with recent onset of pain. There was no history of testicular trauma, hematuria, undescended testis, systemic symptoms, or weight loss. There was no family history of testicular cancer. Physical examination revealed an enlarged tender mobile right testicular mass. Ultrasound showed an enlarged right testis, heterogeneous in echo texture (5×4.4×4.8 cm) with focal testicular parenchymal hypoechoic mass (1.7×1×1.6 cm) suspicious for neoplastic process (Figure 1 The patient underwent radical orchiectomy. Grossly, the right testicle and epididymis was covered by intensely fibrotic tunica vaginalis. The testicle was entirely occupied by the tumor (4.5×4.5×4 cm), with 90% necrosis. The tumor was confined to the testis and epididymis without lymphovascular invasion.
The histology was consistent with a well-differentiated neuroendocrine carcinoma. Histology revealed nests of monotonous tumor cells with relatively abundant eosinophilic cytoplasm, round to oval nuclei, distinct nuclear membrane with "salt and pepper"-like chromatin (Figure 2 The possibility of an extratesticular carcinoid tumor was ruled out with negative esophagogastroduodenoscopy and colonoscopy. A nuclear octreotide scan showed focal radiotracer activity projecting over the scrotum (benign physiologic variant); however, an octreotide avid tumor could not be ruled out. The rest of the body demonstrated no evidence of octreotide avid tumor. Urinary excretion of 5-hydroxyindoleacetic acid (5-HIAA) and chromogranin A were within normal range.
Discussion
Carcinoid tumors are neuroendocrine tumors which arise from enterochromaffin/Kulchitsky cells. These cells are widely distributed throughout the body. However, the carcinoid tumors are uncommon outside the gastrointestinal tract (65%) and respiratory tract (25%) and are very rarely found in the testis, which could be primary or metastatic [5] .
The neuroendocrine neoplasms are currently defined into 3 groups by WHO/ European Neuroendocrine Tumor Society (ENETS). The classification is based on the immunostaining of Ki-67 or mitotic count -Neuroendocrine Tumors G1 (NET) G1: Ki-67 <2%, NET G2: Ki-67 3-20%, NET G3: Ki-67 >20%. The term "carcinoid" is used for NET G1 [6] . The histogenesis of pure testicular carcinoma has not been well established. It was described that testicular carcinoids typically occur in the background of teratoma (a germ cell neoplasm) giving the rationale that testicular carcinoid tumor can be of germ cell origin, which was further supported by immunohistochemistry and Florescence in situ hybridization (FISH) techniques used by Abbosh et al. They found that Isochromosome 12p and 12p overrepresentations were present in both the carcinoid tumor cells as well as in the cells of co-existing mature teratoma [7] .
Teratoma can give rise to TCT by various mechanisms. The testicular carcinoid might be a component of teratoma with regression of rest of the elements. The other mechanism is the preferential development of Argentaffin cells in teratoma. However, Argentaffin cells are not found in the testis but germ cells can give rise to any cell type due to their totipotency [8] .
The ovarian carcinoid tumor arising as a component [9] or as a malignant transformation [10] of mature cystic teratoma has been published. Based on this analogy similar mechanism is assumed to occur in primary TCT on literature review. However, carcinoid tumor has never been reported to be arising as a component or resulting from the malignant transformation of teratoma [11] .
It is hypothesized that Leydig cells may be the origin of TCT due to their neuroendocrine features. Mai et al. demonstrated the presence of transitional cells expressing features of both the Leydig cells and carcinoid tumor cells in primary TCT. Also, one out of nine Leydig cell tumors in their study showed neuroendocrine differentiation. These findings supported that both carcinoid tumor cells and Leydig cells may have the same progenitor cell origin in the primary TCT [11] .
The most common presentation of TCT is painless testicular enlargement, followed by testicular pain, hydrocele and very rarely cryptorchidism. The duration of symptoms can last as long as 240 months. The left testis is most commonly involved with only one report of bilateral involvement of testis [12] . When these tumors are associated with systemic symptoms (episodic wheezing, flushing, diarrhea) the term carcinoid syndrome is used.
Grossly the tumor appears solid with yellow to tan color with firm texture due to excessive desmoplasia. The calcifications can be seen. The average tumor size is 4.6 (1.0 to 9.5) cm. Microscopically, tumor cells are composed of monotonous polygonal-shaped cells with eosinophilic cytoplasm and finally dispersed chromatin within the uniform bland nuclei. The neoplastic cells can be found to have different architectural arrangements but trabecular and insular patterns predominate. The necrosis can be seen in large size tumors. Mitotic figures are rarely seen [7, 13] .
The diagnosis should begin with physical examination of scrotum in a patient with chronic painless swelling. Doppler ultrasound is the initial test of choice. The diagnosis is made with help of tumor biomarkers, CT Scans, Magnetic Resonance Imaging (MRI), Nuclear medicine techniques like 111 In-Pentetreotide Scintigraphy, 131 MIBG (MetaIodobenzylguanidine) and endoscopy.
5-HIAA is a good initial test for diagnosis and has a high specificity (100%) but poor sensitivity (<35%). Plasma Chromogranin A (CgA) is the most accurate tumor biomarker among all the available markers. CgA has higher sensitivity (68%) but lower specificity (86%) for detecting carcinoid tumors than 5-HIAA. The CgA is useful in determining if the tumor is local or metastatic, syndromic or non-syndromic. Its level correlate very well with the extent of tumor burden, higher the levels worse the prognosis. The usefulness of CgA extends to assess the response to therapy. It has high accuracy than urinary 5-HIAA for detection of relapse in carcinoid tumors [14] .
Patients with TCT very rarely can express features of carcinoid syndrome but only if there is metastasis to liver or lungs [15] . Therefore any patient presenting with symptoms of serotonin excess and testicular swelling must have 24hr urinary 5-HIAA prior to surgery [16] . Since it is difficult to suspect testicular carcinoid pre-operatively and 5 HIAA taken prior to surgery will serve as the baseline tumor marker if the tumor turns out to be carcinoid [17] . Platelet serotonin is the sensitive marker for detection of carcinoid tumor especially if the carcinoid tumors have low serotonin production. This makes platelet serotonin reliable tool for early diagnosis of the carcinoid tumor and also an excellent marker for detection of residual tumor following surgery [18] .
It is important to meticulously investigate for primary since 10% of the TCTs have extratesticular primary. The diagnosis of primary TCT is made only after ruling out extratesticular primary since the morphological and histological appearance of the primary and metastatic TCT is same [12] . Staging CT scan is used for detecting metastasis. 111 In-Pentetreotide scintigraphy has a sensitivity of 80-90% to localize the tumor and can also be used to predict the response to octreotide therapy. 131-MIBG has a lower sensitivity than scintigraphy scan. Sensitivity in detecting the tumor can be increased to 95% by combining both the scans. When bone metastases are suspected bone scintigraphy should be used since it has a higher sensitivity (90-100%) than 111 In-Pentetreotide scintigraphy (sensitivity-50%) and 131 I-MIBG scan (sensitivity-20%). Video capsule endoscopy is more advanced technique for identifying primary carcinoid tumor in the small bowel and thus early resection [5] . It is a reasonable small bowel imaging technique since carcinoid tumors are mostly found in ileum [4] .
Radical orchiectomy is the treatment of choice. Carcinoid tumors in general have a very poor response to chemotherapy or radiotherapy. Symptomatic treatment should be given to the patients with carcinoid syndrome. Octreotide, a somatostatin analogue inhibits the release of hormones and neurotransmitters and thus causing symptomatic improvement in about 80% of the patients [5] . The slow release preparations of somatostatin analogues are available (Sandostatin LAR(R) Depot).
The octreotide has variable antiproliferative effect ranging from partial to complete regression of metastatic carcinoid tumor. Leong and Pasieka reported 2 cases of metastatic carcinoid tumors where octreotide was given for symptomatic treatment before the debulking surgery. Previously seen radiographic metastatic lesions were found to be regressed completely on laparotomy [19] .
Because of improved prognosis and longer survival time due to advanced diagnostic and therapeutic techniques other late complications involving metastasis to skin and skeletal system and carcinoid heart disease (CHD) are reported [20, 21] . Long term follow up is recommended since delayed metastasis has been reported even up to several years with one case of metastasis occurring after 17 years of initial diagnosis [8] .
Multimodal approach can be tried where tumor recurrence is highly suspected. Since there are no standardized protocols for the follow up, annual physical examination and frequent Urinary 5HIAA is a reasonable approach. CgA is of particular importance when the 5 HIAA comes out to be normal in a patient after orchiectomy, since normal 5 HIAA does not exclude the presence of tumor recurrence or metastasis [4] . Sutherland et al. purposed 3 monthly follow up with 5 HIAA measurement for the first year and then annually [16] . Use of platelet serotonin is valuable in detecting residual tumor after resection [22] . If still there is any doubt of tumor recurrence or metastasis, 111 In-Pentetreotide scintigraphy can be used [4] .
The carcinoid tumors in general have excellent prognosis due to their indolent course. Aggressiveness of the carcinoid tumors is directly proportional to the tumor size (>7.3 cm) and evidence of carcinoid syndrome [16] . Prognosis depends on the extent of tumor spread. 5 year survival rate for localized disease is 93% and for distant metastatic disease is 20-30% [5] . Only 3 deaths have been reported related to distant metastasis [12] . Since there is no effective therapy available for metastatic lesion(s) the prognosis is poor. So far there is only one case report where the metastatic lesion was removed by surgical therapy. No new metastases were found after 25months of follow up [23] .
Conclusions
This case adds to the rare reports in the literature of a primary carcinoid tumor of the testis having low malignant potential. Due to the advanced diagnostic and therapeutic modalities, the survival time has prolonged but long-term complications like CHD and bone and skin metastasis have emerged. Serotonin levels can be elevated even in the absence of carcinoid syndrome. The elevated levels of serotonin can cause CHD leading to reduced survival and poor quality of life; therefore, it is important to follow the hormone levels. High-risk cases (tumor size >7.3 cm, presence of carcinoid syndrome, poorly differentiated tumors and tumors with invasion) should be followed more closely for recurrence and development of metastasis.
This should be done by monitoring biochemical markers on a regular basis and in case of doubt, scintigraphy should be performed. The surgery should be performed if the metastatic lesion(s) is/are resectable and if not accessible for resection, a trial of octreotide therapy could be given due to its antiproliferative and antihormonal properties. It is important to exclude metastasis in case of testicular carcinoid tumor since the morphology and histology cannot distinguish the primary verses metastatic.
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